Summary Carbohydrate reserve storage in trees is usually considered a passive function, essentially buffering temporary discrepancies between carbon availability and demand in the annual cycle. Recently, however, the concept has emerged that storage might be a process that competes with other active sinks for assimilate. We tested the validity of this concept in Hevea brasiliensis Müll. Arg. (rubber) trees, a species in which carbon availability can be manipulated by tapping, which induces latex regeneration, a high carbon-cost activity. The annual dynamics of carbohydrate reserves were followed during three situations of decreasing carbon availability: control (no tapping), tapped and tapped with Ethephon stimulation. In untapped control trees, starch and sucrose were the main carbohydrate compounds. Total nonstructural carbohydrates (TNC), particularly starch, were depleted following bud break and re-foliation, resulting in an acropetal gradient of decreasing starch concentration in the stem wood. During the vegetative season, TNC concentration increased. At the end of the vegetative season, there were almost no differences in TNC concentration along the trunk. In tapped trees, the vertical gradient of starch concentration was locally disturbed by the presence of the tapping cut. However, the main effect of tapping was a dramatic increase in TNC concentration, particularly starch, throughout the trunk and in the root. The difference in TNC concentration between tapped and untapped trees was highest when latex production was highest (October); the difference was noticeable even in areas of the trees that are unlikely to be directly involved in latex regeneration, and it was enhanced by Ethephon stimulation, which is known to increase latex metabolism and flow duration. Thus, contrary to what could be expected if reserves serve as a passive buffer, a decrease in carbohydrate availability resulted in a net increase in carbohydrate reserves at the trunk scale. Such behavior supports the view that trees tend to adjust the amount of carbohydrate reserves stored to the level of metabolic demand, at the possible expense of growth.
Introduction
Because of seasonal changes in climatic conditions and developmental variations in source:sink ratio, trees periodically have to sustain growth and other functions when the demand for assimilate temporarily exceeds the current assimilate production. Under such conditions, carbohydrate reserves, defined as resources accumulated in mobilizable form, are utilized to satisfy the demand. Thus, carbohydrate reserves are a key factor underlying plantation tree productivity. The chemical nature of these reserves (mainly nonstructural carbohydrates), and their location and dynamics have been documented for many temperate fruit and forest tree species (e.g., Glerum 1980 , Tromp 1983 , Kozlowski 1992 , Lacointe et al. 1993 , 1995 , Witt and Sauter 1994 , Barbaroux and Bréda 2002 , Barbaroux et al. 2003 . Nevertheless, the mechanisms involved in reserve accumulation and mobilization remain poorly understood.
The common concept, in most models of tree growth (review by Le Roux et al. 2001) , is that plants store the unused carbohydrates that are produced in excess of current demands for maintenance, growth and reproduction. Reserves are mobilized when current demands exceed assimilate supply, mainly during bud break and early spring growth in broad-leaved spe-cies (Lacointe et al. 1993 , Barbaroux et al. 2003 . According to this view, reserves are considered a passive buffer. However, this raises the question of how a tree copes with a possible shortage of assimilate, whether in the short term (e.g., in the case of accidental leaf-fall) or in the long term (e.g., in a shaded situation), when adequate reserves cannot be accumulated concurrent with maintenance and growth, especially under carbon-limiting conditions. A possible explanation is that the concept of reserves as a mere buffer receiving only excess carbohydrates is too simplistic (Cannell and Dewar 1994 , Lacointe 2000 , Le Roux et al. 2001 . Moreover, recent studies in walnut have demonstrated that the ratio of growth to reserve storage rate is only slightly affected when assimilate supply is reduced by shading (Lacointe et al. 2004) , indicating that reserves may be a competing sink for carbohydrates. However, there are few reports on variations in reserves (or growth:reserve storage ratio) in relation to changes in carbohydrate availability. Furthermore, there is a scarcity of quantitative data on the dynamics of total non-soluble carbohydrate (TNC) concentration in adult trees, particularly in tropical trees, at the whole-tree level (Bory and Clair-Maczulajtys 1988, MialetSerra et al. 2005) .
We designed an experiment to determine if carbohydrate reserves behave as a competing sink in Hevea brasiliensis Müll. Arg., a species in which carbon availability can be easily manipulated. In H. brasiliensis, tapping induces latex regeneration, a high carbon-cost activity, which diverts a significant proportion of assimilates. Rubber exploitation is an unusual system in that the commercial product, latex, is neither vegetative nor reproductive material, but a secondary metabolite comprising mainly polyisoprene. Latex is the cytoplasm of specific cells organized in anastomosed vessels, namely laticifer vessels, arranged in concentric rings surrounded by parenchyma and ray cells within the phloem layer of the trunk bark. In response to tapping (cutting successive thin slices of trunk bark over a period of days), the laticifer vessels are severed and latex flows out. Metabolism to regenerate the exported latex is induced and uses assimilates derived from the other sinks (Templeton 1969 , Wycherley 1976 , Jacob et al. 1985 .
Latex biosynthetic rate is commonly modulated by changing tapping frequency or when production is stimulated by the application of ethylene generators. Thus, carbohydrate demand can be artificially modulated, providing a means to study carbohydrate dynamics within the tree (Gohet 1996 , Silpi et al 2006a . Moreover, assessing the time course of accumulation of reserve metabolites at the whole-tree scale will provide insight into the competition between latex production and growth, which may lead to the development of management practices that preserve a balance between these two sinks, a prerequisite for the high and sustainable productivity of rubber plantations (Wycherley 1976 , Gohet 1996 . A recent study (Silpi et al 2006b) showed an 80% reduction in growth in tapped trees compared with untapped trees over 5 months of tapping. If carbohydrate reserves are a mere buffer, we should expect a similar decrease in carbohydrate concentration in the trunk during the tapping period, as a result of high competition for assimilates created by latex regeneration.
To determine whether carbohydrate reserves in trees behave as a buffer or as a competing sink, we assessed how diverting carbohydrate, by tapping adult rubber trees, affected the seasonal dynamics of carbohydrate concentration at different locations along the trunk. We also assessed whether knowledge of carbohydrate dynamics in stem wood could help forecast long-term performance of tapping systems, in addition to latex physiological parameters measured by latex diagnosis technique (Jacob et al. 1995) , which is a good indicator of the metabolic status of the laticiferous cells.
Material and methods

Experimental site and plant material
The experiment was conducted in a H. brasiliensis (rubber) monoclonal plot, clone RRIM 600, arranged in a 2.5 × 7.0 m planting design (571 trees ha -1 ) at the Chachoengsao Rubber Research Center, Thailand (CRRC-DOA, 13.41°N; 101.04°E
, 69 m a.s.l.). Temperature ranges from 17.6 to 36.5°C, and mean relative air humidity is 63.5%. Mean annual rainfall is 1280 mm year -1 (2001) (2002) . The soil type is Kabin Buri soil series (sandy clay loam-clay loam). The dry season lasts about 5 months, from December to April. Tapping generally starts in May and stops at the end of January, allowing 9 months of tapping and a 3-month rest period.
Tapping involves periodically cutting the bark on the trunk, and hence severing latex vessels. Cuts are made at a 30°angle from the horizontal, exposing the maximum number of latex vessels per length of incision. The same cut is regularly reopened by excising at each tapping a new, thin shaving of bark from the sloping cut. As a result, latex flows immediately along the cut into a cup attached to the trunk. The flow progressively diminishes, and stops after 1-3 h because severed vessels become plugged by caps of latex coagulum. In this experiment, tapping was performed twice a week according to the widespread half-spiral system, i.e., with the tapping cut spiralling over half of the trunk circumference, thus delimiting two sides on the trunk respectively referred to as the tapped panel, or Panel A, and the untapped panel, or Panel B. After some years, when all of the virgin bark on Panel A has been used, tapping is shifted to Panel B.
The trees in the experimental plot were planted in 1993. Tapping started on July 4, 2001 at 1.3 m above ground and stopped on April 6, 2002 for two months, during which time about 20 cm of bark were removed downward on the tapped panel (A). The area where the bark removed during the previous tapping year is being regenerated is named the renewing bark area. Tapping was resumed on June 1, 2002 and continued until March 29, 2003 . Latex production was determined by weighing the latex collected per tree over a 4-week interval, and its dry mass was estimated assuming a mean total solid concentration of 80%. Mean tree girth at 1 m height at the beginning of the experiment (May 2002) was 49.0 cm and ranged from 46.0 to 52.6 cm.
Treatments and sampling
Tapping treatments included untapped trees (Control), tapped trees without stimulation (Tap) and tapped trees with Ethephon (2-chloroethylphosphonic acid) stimulation (ET). Ethephon was applied with a brush on the tapped panel, close to the cut, 8 times per year. We used 0.6 g of 2.5% stimulant paste per tree and per stimulation (i.e., 15 mg of active ingredient per tree per stimulation). The effect of Ethephon, which stimulates the release of ethylene in the tissues, on latex metabolism is widely documented (d 'Auzac et al. 1989) , and it is commonly used in rubber plantations to increase latex production. Each tapping treatment included 12 trees (treatment replications).
Cores were sampled on five dates based on climate, the annual growth cycle and the latex production cycle: (1) (Silpi et al 2006b) .
Samples were taken along the trunk at 50, 100, 150, 200 and 300 cm above ground. In tapped treatments, samples were taken from both sides of the tree (tapped panel A and untapped panel B), but sampling at 300 cm was performed only on the tapped panel. Sampling at 50 and 100 cm was located below the tapping cut, within what is considered to be the main latex regeneration area (Tupy 1973 , Silpi et al 2006a , sampling at 150 cm was within the renewing bark area in the tapped panel, and sampling at 200 was above this area. Two samples were taken from the taproot at 10 and 20 cm below the soil surface.
Sampling procedure
At each sampling date, groups of three trees from each treatment were sampled. Samples comprised 0.5-cm-diameter, 5-cm-long cores, including 1 cm of bark and 4 cm of wood. Samples were collected with a wood auger. Wood and bark were separated. In this study, only the wood samples were analyzed. Sample trees were alternated, from one period to the next, to reduce metabolic perturbation and the risk of tissue necrosis associated with core-sampling. Each core was immediately soaked in liquid N 2 and was kept in a cryo-tube immersed in liquid nitrogen until transfer to the laboratory, where it was stored at -80°C before freeze-drying at -50°C. Thereafter, the samples were blended with a ball-blender (MM200, Retsch, Germany), ball diameter 7 mm, and stored at -80°C until analyzed.
Biochemical analysis
Starch, sucrose, glucose and fructose concentrations were analyzed enzymatically. The powder was re-dried at 65°C for 2 h. Soluble sugars was extracted from 18-23 mg aliquots of each sample with 1 ml of 80% EtOH for 30 min at 80°C, then centrifuged. This step was repeated twice, first with 80% EtOH and then with 50% EtOH, and all the supernatants were pooled. The sediment, which contained starch, was mixed with 0.5 ml of 80% EtOH and kept at -80°C until analyzed. The supernatant was filtered through a mini-column containing crushed glass and a mixture of polyvinyl polypyrrolidone and activated charcoal to eliminate pigments and polyphenols. Ethanol was evaporated with a vacuum dryer (Maxi Dry Plus, Heto, Denmark). Soluble sugars and starch were quantified by enzymatic analysis (Boehringer 1984) . Sucrose was transformed to glucose and fructose by invertase (β-fructofuranosidase), glucose and fructose were quantified using hexokinase, glucose-6-phosphate-dehydrogenase and phosphoglucose isomerase followed by spectrophotometric determination of NADPH formation at 340 nm.
After evaporation of the ethanol, the sediment was analyzed for starch by hydrolysis with 0.02 M NaOH for 1.5 h at 90°C, followed by digestion with α-amyloglucosidase for 1 h at 50°C, and then glucose was quantified as described previously. The results were expressed as mg glucose equivalent per gram of structural dry matter (mg G g SDM -1 ). Soluble sugars are denoted as SS, and total nonstructural carbohydrates (starch + soluble sugars) as TNC.
Statistical procedures
Results were processed in two steps. First, a 4-way analysis of variance (ANOVA), where the four factors were tapping treatment (with and without stimulation), panel (A and B), sampling height above ground level and season (sampling date), was performed on the largest subset of the full data set that made up a complete design, i.e., excluding the untapped treatment and samples taken at 300 cm height above ground. Because this analysis showed that one of the factors (panel) responsible for the full data set being an incomplete design had no significant effect, the full data set was subsequently processed as a complete design in a 3-way ANOVA ignoring that factor. Type-III sums of squares (Statistica software, StatSoft) were used in both cases. The vertical gradients of carbohydrate concentration were further tested for temporal changes by an analysis of covariance (ANCOVA) on individual values, using the Homogeneity of Slopes model with Type-V sums of squares in the General Linear Model module of the Statistica software. Because no interaction of degree 3 or more was significant in either of the ANOVAs or ANCOVA, the following tables show the results for the simple factorial models (main effects + simple interactions).
Results
Concentrations of nonstructural carbohydrates
Starch was the major component, accounting for 74% of TNC in control trees (Table 1) . Soluble sugars were comprised almost entirely of sucrose, with glucose and fructose accounting for a negligible proportion of SS except during re-foliation, when SS was at a maximum and starch was at a minimum (data not shown).
Effects of tapping and panel
Mean concentrations of TNC, starch and sucrose did not differ significantly between the two panels of the tapped trees (Table 2). Mean TNC concentrations were significantly higher in tapped trees (Tap and ET) than in control trees, reflecting the higher starch concentrations in tapped trees. Starch accounted for 80 and 81% of TNC in trees in the Tap and ET treatments, respectively. Ethephon significantly increased starch and TNC concentrations of trees in the tapped treatments (Table 1) . Tapping had no effect on the SS concentration (Table 2) .
Seasonal dynamics
The effects of sampling date on starch, SS and TNC concentrations were highly significant ( Table 2 ). The seasonal pattern (Figure 1 ) indicated that, in trees in all treatments, TNC concentrations were highest at leaf-fall (January) followed by a huge drop just after complete re-foliation (March). Net deposition of TNC occurred mainly from April-May to leaf-fall (January), i.e., the period, including the rainy season, when both radial growth and (for tapped trees) latex regeneration occurred (Silpi et al 2006b) . From March to April-May (dry season and tapping rest), there were smaller changes in TNC concentration. Concentrations of SS and starch showed opposite trends. In October, starch concentration was high and SS concentration was low, whereas just after leaf-fall, in March, starch concentration was low and SS concentration was high. Neverthless, variations in TNC concentration were mainly accounted for by variations in starch concentration.
In control trees, mean total TNC concentration ranged from 42 to 73 mg G g SDM -1 (Figure 1) . Starch accumulated steadily from April-May to leaf-fall (January) and its subsequent sharp decline was responsible for the large drop in TNC concentration after re-foliation (March). In contrast, SS concentration was lowest in October and peaked at re-foliation. During the dry season and tapping rest, between March 2003 and April 2003, there was a slight increase in starch and TNC concentrations.
During most periods, starch and TNC concentrations were higher in Tap and ET trees than in control trees. Over the year, mean total TNC concentration ranged from 43 to 93 mg G g SDM -1
and from 59 to 90 mg G g SDM -1 in trees in the Tap and ET treatments, respectively (Figure 1) .
Differences in starch and TNC concentrations between treatments changed during the year (Figure 1) . At the end of the tapping rest periods, when trunk radial growth was just starting (i.e., May 2002 and April 2003 (Silpi et al 2006b) ), starch and TNC concentrations were similar in trees in the control and Tap treatments, and higher in ET trees. During the period of high latex production (October, high rainfall), tapped trees had higher starch and TNC concentrations than control trees. The increase in TNC concentration between May and October was particularly high for trees in the Tap treatment. Soluble sugar concentration was slightly lower between May and October than at other dates in Tap trees but higher in ET trees. Consequently, in October, SS concentration was high in ET trees, intermediate in Tap trees and low in control trees, whereas the opposite pattern was found during the previous tapping rest period (May 2002) .
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Vertical distribution
Distance from the ground had a highly significant effect on starch concentration, whereas SS concentration did not change significantly along the trunk (Table 2 ; Figure 2 ). Furthermore, although the ANOVA for starch yielded a nonsignificant interaction between date and distance from the ground, the ANCOVA (considering distance as a quantitative variable) showed that the mean slopes of the vertical starch gradient differed significantly among dates (Table 3 ). Figure 2 shows the variation in vertical distribution pattern for starch concentration according to date, within each treatment. Vertical variations in TNC concentration were almost the same as the vertical variations in starch concentration. In control trees, there was a decreasing bottom-up gradient along the trunk. This gradient was steeper at the beginning of the growing season in May 2002 and April 2003 as a result of a low concentration in the upper part of the stem, but it was much less marked after the starch pool had been refilled in October. Therefore, the difference in starch concentration between May and October was larger in the upper part of the trunk than in the lower part of the trunk. At the lowest sampling location only (50 cm from ground), starch concentration did not increase between May and October, but increased between October and leaf fall (January). In March 2003, variability in starch concentrations of control trees was high.
In tapped trees, vertical distribution patterns of starch concentration were irregular, with variations related to the location of the tapping cut. Nevertheless, there was an overall significant decreasing acropetal gradient along the trunk (excluding the taproot). Trends were the same for trees in both tapped treatments, but variations along the axis were larger in ET trees than in Tap trees.
During the period of high latex production in October, vertical gradients were steeper in Tap and ET trees than in control trees as a result of increased starch concentrations all along the trunks of the tapped trees, whereas starch concentrations remained low at 50 cm in control trees. Consequently, the largest differences in starch concentration between tapped trees and control trees (43 and 40 mg G g SDM -1 , for ET and Tap respectively) were recorded at the 50-cm location, i.e., within the main latex regeneration area. After complete leaf fall (January 2003), vertical gradients were less evident in trees in all treatments.
After re-foliation was completed (March 2003) , despite the sharp overall decrease in TNC concentration, there were clear differences in starch vertical patterns between treatments. Starch concentrations were similar in Tap and control trees except at 50 cm from the ground, where it remained higher in Tap trees. In ET trees, starch concentrations remained high in the lower parts of the trunk and a sharp decreasing acropetal gradient was recorded. in the taproot as in the trunk. In the taproot, however, no increase in starch concentration was detected between May and October, but taproot TNC concentration was higher in tapped trees than in control trees almost all year (Figure 3) . For ET trees, the TNC concentration in the taproot decreased between October and leaf-fall, in contrast with trees in the other treatments. In general, there was less seasonal variation and more variability in TNC concentrations in the taproot than in the trunk. Taproot SS concentrations were more variable in control trees than in tapped trees, and Tap trees had a higher SS concentration than ET trees.
Discussion and conclusion
To assess spatial and temporal variations in trunk carbohydrate reserves of rubber trees, we analyzed starch, sucrose, fructose and glucose concentrations in 4-cm-long wood core samples. We observed consistent patterns in relation to seasonal developmental changes and to the diversion of assimilates in response to tapping. Although previous work on rubber trees (de Fay 1999) showed phenology-related variations in starch on a smaller scale (within the outermost parenchyma), our samples were similar in width to those of Barbaroux and Bréda (2002) , who showed that all the rings analyzed along the sample con-886 SILPI ET AL.
TREE PHYSIOLOGY VOLUME 27, 2007 Table 3 . Vertical gradients in carbohydrate concentration along the trunk were tested for homogeneity of mean gradient slopes among sampling dates. Slopes are expressed as mg glucose equivalent per g structural dry matter per cm height ± SE. Abbreviations: SS, soluble sugars; TNC, total nonstructural carbohydrates; and NS, not significant (P > 0.05). Within a column, different letters following values indicate significant difference at P < 0.05. tributed to the seasonal changes in carbohydrates in beech and oak trees. As in most tree species, starch was the major TNC, and changes in TNC concentration in response to various factors were mainly associated with changes in starch concentration. Among tropical species, SS is the major storage carbohydrate in important tree crops such as coconut (Mialet-Serra et al. 2005 ) and oil palm (Henson et al. 1999) , but this seems to be a characteristic of palms. Mean TNC concentrations in our trunk wood samples were comparable with values reported for beech and oak (Barbaroux et al. 2003) , poplar (Witt and Sauter 1994) and walnut (Lacointe et al. 1993) . Sucrose was the predominant soluble sugar, and its concentration was more stable than that of starch as a function of location and sampling date.
Seasonal patterns of carbohydrate concentration in control trees were consistent with results reported for deciduous trees (Lacointe et al. 1993 , Witt and Sauter 1994 , Barbaroux et al. 2003 : total carbohydrate concentration decreased sharply after re-foliation, indicating net mobilization, either for direct incorporation in new shoots (including leaf and flowers) or to sustain increased growth respiration (Lacointe et al. 1993 ). However, unlike temperate species, bud burst in our rubber trees occurred almost without a time lag following leaf fall. Consequently, the leafless period lasted no longer than 2 weeks, and so the requirement for reserves for maintenance was of limited duration. Between re-foliation and May, i.e., during the dry season when radial growth rate was slight, total carbohydrate concentration varied little. Water stress and high temperatures likely limited carbon assimilation (Sangsing et al. 2004 ) and growth processes (Silpi et al 2006b) during this period. Thereafter, net deposition of reserves occurred until leaf-fall (January), and radial growth rate continued steadily until November. Thus, reserve deposition and radial growth occurred in parallel over the 6-month period when climatic conditions were favorable, similar to temperate species. However, in the lowest part of the trunk and in the taproot, carbohydrate deposition occurred only when radial growth ceased (November). These findings, together with the acropetal gradient of decreasing starch concentration after re-foliation, indicate a source:sink distance effect: more reserves were depleted closer to the canopy when growing shoots were net sinks, and refilling took more time at the basal locations when leaves were net sources (Lacointe et al. 1993) . These results accord with histological studies (de Fay 1999) showing that, during leaf growth, there is almost no starch in proximal parenchyma. On the contrary, when cambial activity ceased, starch started to increase in the newly formed tissues (mainly xylem).
Large seasonal variations in starch concentration while sucrose concentration remained stable indicate that sucrose may act as a buffer compartment. When more sucrose from parenchyma was used or transported, more starch was hydrolyzed to compensate for the loss of sucrose. Such results are consistent with girdling experiments (Jordan and Habib 1996) showing that, when phloem transport breaks down, peach trees maintain stable soluble sugar concentration, whereas insoluble sugar concentration drops.
Larger variability in starch and SS concentrations in the taproot compared with the trunk may be associated with heterogeneity among taproot samples because the original taproot was pruned at about 20 cm depth before planting and new taproot-like roots regenerated close to the cutting and merged more or less completely thereafter.
Effect of tapping
Tapping had a huge impact on carbohydrate concentrations in TREE PHYSIOLOGY ONLINE at http://heronpublishing.com CARBOHYDRATE RESERVES IN THE RUBBER TREE 887 the trunk and taproot, greatly affecting mean concentration, vertical distribution and seasonal dynamics. The most striking result was that overall starch concentration of tapped trees was higher than that of control trees. Because latex biosynthesis regeneration requires carbohydrate as substrate and as a source of metabolic energy, it is considered that tapping creates an additional sink that diverts carbohydrate from normal functions (Wycherley 1976 , Tupy 1985 . Previous works (d 'Auzac et al. 1989 , Jacob et al. 1995 , 1998 have shown that sucrose concentration within laticiferous vessels drops following tapping and is often a factor limiting latex production. The ability to mobilize carbohydrate, partly from reserves, to cope with this consumption is a key consideration in rubber tree breeding programs and tapping systems (Gohet 1996) . Furthermore, tapping involves repeated wounding of the tree so that the tapped trees not only have to regenerate latex but also undergo sustained stress. Wounding stress is known to increase respiration and thereby carbohydrate use (Uritani and Asahi 1980) . Ethylene generation in response to the ET treatment likely increased this effect, because ethylene is known to increase tissue respiration (Abeles 1973) . Thus, in contrast to our observations of an increase in starch concentration in response to tapping, we predicted that tapping would induce a depletion of carbohydrate reserves. Semi-quantitative histo-cytological studies have shown that the cumulative effect of tapping results in a shortage of starch in the proximal parenchyma within the latex regeneration area of tapped trees, whereas starch accumulates above the tapping cut (Gohet 1996 , De Fay 1999 . Although this result seems to contradict the increase in TNC concentration that we observed in response to tapping, the histo-cytological studies relied on data obtained in the outermost 2 mm parenchyma, whereas our study was based on quantitative chemical analysis on 4-cmlong cores. Therefore, we infer that tapping depletes starch in the proximal parenchyma because of increased transfer of sucrose to laticiferous vessels, but that the sink effect induces an increase in TNC in the deeper parenchyma. Moreover, the highest positive difference in TNC concentration between tapped trees and control trees was measured in October, when carbohydrate demand for latex regeneration was highest. Locally, this difference was largest at 50 cm above ground level, within what is considered to be the main latex regeneration area (Tupy 1973 , Silpi et al 2006a . Thus, we conclude that diverting carbohydrate through tapping had a positive effect on carbohydrate, mainly starch, deposition in the trunk parenchyma of the rubber trees.
The pattern of response to tapping was similar at all trunk heights, with increased deposition of TNC between May and October recorded all along the trunk, even at 300 cm from ground, which is far from the latex regeneration area (Silpi et al 2006a) , and in the untapped panel. Because little additional carbohydrate deposition occurred in tapped trees between October and leaf-fall, whereas a steady deposition was recorded for control trees, we infer that by that time the TNC reserve was already full in tapped trees. An alternative explanation is that there must be newly created tissues to receive new starch (Lacointe et al. 1993 , de Fay 1999 and because the growth rate of tapped trees was greatly reduced during that period compared with the growth rate of control trees, only the control trees could accumulate more starch.
Vertical patterns of both starch and TNC were more irregular in tapped trees than in control trees, and this irregularity was enhanced by ET. Untapped panels of both Tap and ET trees were very similar to tapped panels and clearly different from those of control trees. Higher starch concentrations were recorded at all heights along the untapped panel compared with the tapped panel, even in its uppermost location during the period of high production, indicating that, although tapping is a local process, the effect on carbohydrate concentration is extensive, affecting both sides of the trunk-taproot axis. Similar patterns were demonstrated for laticiferous metabolism, particularly for sucrose concentration (Silpi et al 2006a) . This finding has implications for the design and management of the tapping system because the parts of the trunk that are not currently tapped but that will undergo tapping in the following years have already experienced major changes in carbohydrate metabolism. These changes may have an impact on long-term productivity of both latex and wood production. The dynamics and distribution of carbohydrate could therefore be used as a diagnostic tool to compare clones and tapping systems, and, in particular, to assess the long-term potential of tapping systems based on the use of Ethephon stimulation or systems designed to enlarge the latex regeneration area (Gohet and Chantuma 2003) .
Our results support the view that storage reserves are not necessarily the lowest priority among the competing sinks. When rubber trees were tapped, radial growth was significantly reduced whereas carbohydrate concentration in wood increased. Moreover, the net increase in carbohydrate reserves in response to carbohydrate diversion and stress demonstrated that trees tend to adapt their reserve level to current needs. Priority of allocation to reserves over growth might explain why growth of tapped trees was reduced so much following tapping (Silpi et al 2006b) . Gohet (1996) concluded that the diversion of carbohydrate for rubber biosynthesis only is insufficient to explain such a large decrease in growth. To better understand the partitioning of assimilates among maintenance, growth, latex regeneration and reserves, measurements of total carbohydrates and biomass in all tree parts are needed along with studies on the direct effects of tapping on growth and the metabolism of carbohydrate reserves.
